1. Introduction
===============

Inflammatory myofibroblast tumor (IMT) refers to a relatively rare soft tissue lesion consisting of fusiform myofibroblasts, fibroblasts, and some inflammatory cells (lymphocytes, plasma cells); IMT was also known as inflammatory pseudotumor (IPT), fibrin granulation granuloma, plasma cell granuloma, myxoid hamartoma, myofibroblastic tumor, pseudosarcoma, and inflammatory fibrosarcoma and other names in the past.^\[[@R1]\]^ However, IMT was grouped into the tumor category since it was later found to have metastases and recurrences. Although, the clinical incidence of this disease is low, most cases are benign, and the prognosis is good; there is still a certain degree of malignant, invasive, recurrent, and even distant metastasis. Due to the complex structure of IMT, the current understanding of the disease is still controversial.

Present studies have shown that IMT can occur at any age, anybody site, more common in children and adolescents, no significant gender differences.^\[[@R2]\]^ IMT was first detected in the lungs and was later reported in the many other sites. However, the occurrence of IMT in the urogenital system is rare, it occurs mainly in the bladder of the urinary system,^\[[@R1]\]^ followed by the kidney, retroperitoneal, renal pelvis, ureter, prostate, testis, etc. The occurrence of IMT is extremely rare in the urachus. The urachal tube is a tubular structure extending from the dome of the bladder to the umbilicus. It disappears before birth and degenerates into a fibrous cord connecting the dome of the bladder to the umbilicus (i.e., the umbilical mid-limus ligament), located within the loose connective tissue between the abdominal fascia and the peritoneum (Retzius gap).^\[[@R3]\]^ Urachal tubes are about 5 to 6 cm in length, which can be divided into upper urinary bladder, inner bladder muscle, and inner bladder mucosa. When insufficient degeneration of the urachal duct occurs, it may cause sinus tract, cyst, diverticulum, tumor, and other lesions. Malignant urachal adenocarcinomas are the most common tumors occurring in the urachal region as compared to benign urachal inflammatory myofibroblastic tumors which are very rare. The pathogenesis of urachal inflammatory myofibroblastic tumor remains unclear since there have been few reports in the past, and most of the literature is case report. Therefore, there is still a lack of complete and systematic information about clinical diagnosis and treatment. This study reported a case of urachal IMT and summarized some conclusions about the disease basing on this case-related information and a review of previous literature. Thus, this report is designed to provide the information and experience and serve as a reference for current understanding of the disease, and to promote further research on urachal IMT.

2. Case presentation
====================

A female patient, 77 years old, was admitted to hospital on June 25, 2016 because she "discovered her lower abdominal mass 2 months ago." She had a history of diabetes for more than 10 years and a history of hypertension for 4 years. Except for renal cysts, there were no other urinary-related diseases and surgical history. Physical examination found an ellipsoidal mass of approximately 9.0 × 9.0 cm in size located in the suprapubic region of the suprapubic bladder. The mass has an unclear boundary, a hard texture, a fixed position, no tenderness, and pulsating blood vessels. Abdominal CT examination (plain scan + enhancement) showed irregular soft tissue masses between the bladder and pelvic cavity with blurred edges. The surrounding structure is not clear, the size of the mass on the transverse section is about 4.7 × 4.0 cm, and is obviously unevenly strengthened. The bladder wall, thickening of the pelvic wall, and enlarged lymph nodes in the pelvic fat space were initially considered as urachal carcinoma (Fig. [1](#F1){ref-type="fig"}A and B). Cystoscopy examination showed irregular topography of the bladder wall, smooth surface. The finding from a biopsy from the bulge exhibited the remaining bladder and urethra mucosa were smooth, bilateral ureteral orifice were clear, peristalsis was normal, there was no any newly formed objects and stones in the bladder (Fig. [1](#F1){ref-type="fig"}C). A grayish white tissue of about 0.2 cm in diameter was examined presurgery and pathological results showed surface coating of the urothelium, intrinsic stroma edema, a few chronic inflammatory cell infiltration changes, and no invasion of tumor cells in the bladder mucosa. Because of the small size, small number, and limited depth of biopsy, the pathological findings have some limitations. According to the clinical manifestations of patients and the described examination results above, preoperative diagnosis was urachal carcinoma. After the stabilization of blood glucose and blood pressure with drug administration, laparoscopic radical urachal carcinoma resection and partial bladder resection was performed under general anesthesia, and the tumor was completely removed. Intraoperative findings: The size of the tumor was approximately 9.0 × 10.0 × 5.0 cm in the abdomen. The cavity contained necrosis and liquefaction, the anterior wall adhered to the rectus abdominis, the posterior wall adhered to the anterior wall of the bladder, and the bladder had normal bladder capacity. Anterior wall thickening, stiffness, pelvic lymph nodes were observed.

![Images of computed tomography (CT) and cystoscopy. (A and B) Abdominal CT (plain scan + enhancement) images showing an irregular soft tissue mass between the bladder and pelvic cavity with obvious uneven enhancement, blurred edges and unclear surrounding structures. (C) Image of cystoscopy examination showing irregular topography of the bladder wall and bladder mucosa was smooth. (D) Abdominal CT (plain scan) showed no local tumor recurrence and lymphadenopathy. (E and F) The coronal reconstruction and three-dimensional reconstruction of the urinary system by time-lapse imaging showed that the kidneys, ureters and bladders were well-filled, and no obvious contrast agent extravasation was observed. The images (D--F) were taken after 6 months of the surgery and indwelling catheterization. CT = computed tomography.](medi-97-e13619-g001){#F1}

Postoperative pathology report showed: findings from gross specimen examination include that urachal lumps after incision was gray and white. The size of the nonshaped tissue was approximately 9.5 × 10.0 × 5.0 cm, and the size of a cyst was approximately 4.5 × 3.5 × 5.5 cm. Some necrosis was detected on the inner wall of the capsule, and the rest of the tissue was gray-red, gray-yellow, and there was also a little lymphoid tissue in the texture as shown in Figure [2](#F2){ref-type="fig"} (Fig. [2](#F2){ref-type="fig"}C); light microscopic examination revealed that the spindle cells were diffusely growing, arranged in a bundle, swirling, The cell size and shape are more uniform, the cytoplasm is red-stained, interspersed with muscle tissue, and invasive growth. There are a large number of inflammatory cell proliferation, interstitial edema, mucinous changes, and diffuse infiltration of inflammatory cells in some regions. Small abscess formation (Fig. [2](#F2){ref-type="fig"}A and B); Immunohistochemistry test showed positive results included CD34 (blood vessel+) (Fig. [3](#F3){ref-type="fig"}B), SMA(+) (Fig. [3](#F3){ref-type="fig"}C), Vim(3+) (Fig. [3](#F3){ref-type="fig"} D), Ki-67(1%+), and negative results included ALK(−) (Fig. [3](#F3){ref-type="fig"}A), Des(−),CK(−), EMA(−), and S-100(−); special staining: VG(red) (Fig. [3](#F3){ref-type="fig"}E), masson (blue) (Fig. [3](#F3){ref-type="fig"}F), suggesting muscle fiber sources. Pathological diagnosis confirmed the urinary inflammatory myofibroblastic tumors and tumor residues in the lymphoid tissue.

![Histopathology images of urachal inflammatory myofibroblastic tumor. (A) Spindle cells with infiltration of inflammatory cell; (B) tumor tissue with small focal abscess; (C) the section of urachal lumps showing grayish white tissue and a cavity with a little necrosis on the inner wall. (A and B) Tissue sections were stained with hematoxylin and eosin (H&E). Magnification ×100.](medi-97-e13619-g002){#F2}

![Immunohistochemistry images of urachal inflammatory myofibroblastic tumor showing (A) ALK: negative; (B) vascular-CD34: positive; (C) smooth muscle actin of the tumor cells: positive; (d) vimentin of the tumor cells: positive. Special staining showed that (E) the tumor cells appeared red color after VG-stained and (F) the tumor cells appeared blue color after Masson-stained, indicating that the tumor cells originated from muscle fiber. Magnification: A--D = 100×, and E and F = 200×.](medi-97-e13619-g003){#F3}

The patient came back to our hospital again after 6 months of the surgery because of her abdominal discomfort. It was suspected due to urinary extravasation. After treatment of indwelling catheterization, the review of the middle and lower abdomen CT (plain scan + enhancement + three-dimensional reconstruction) presented no retroperitoneal and pelvic lymph nodes, while double both kidneys, ureters and bladders were well filled, with no obvious change in contrast agent leakage and no local recurrence (Fig. [1](#F1){ref-type="fig"}D--F). No other adjuvant therapy was performed after the operation. The patient was followed-up for more than 22 months with good condition showing no occurrence of recurrence or metastasis of the tumor.

3. Discussion
=============

Inflammatory myofibroblastic tumor is a differentiated myofibroblast spindle cell with a large number of plasma cells and/or lymphocyte infiltrating mesenchymal tissue-derived borderline tumors. It belongs to low-grade malignant tumors and has potential metastasis. The most common metastases occur in the mesentery and retroperitoneum. The vast majority occurs in single lesions with local growth, and can infiltrate the adjacent tissues and organs. The early literature reported that this type of spindle cell proliferation was a reactive change after inflammation, so inflammatory pseudotumor became the most commonly used synonym. Later, in-depth study revealed that the spindle cells in the lesion are the main component, and some related cases reported that it had tumor characteristics such as local invasion, recurrence, distant metastasis, etc. Thus, it was classified as a tumor category and gradually realized as a true tumor. In 2002, the WHO International Group of Tissue Classification for Soft Tissue Tumors defined it as "a tumor composed of differentiated myofibroblast spindle cells, often accompanied by plasma cells and/or lymphocyte infiltration," and thereafter it is classified as fibroblasts or myofibroblast tumors with intermediate and a low number of metastatic.^\[[@R4]\]^ Since then most scholars called the disease inflammatory myofibroblastic tumors. IMT was first discovered clinically in the lungs by Brunn^\[[@R5]\]^ in 1939. At that time, people knew very little about this tumor, and it was only then gradually recognized and found in various organs of the human body. There was no report of IMT in the urinary system until 1980 when Roth^\[[@R6]\]^ first reported the discovery of such tumors in the bladder. Since then, other scholars have found this tumor in other parts of the urinary system, but rarely found in the urinary tract, and particularly urachal IMT is the rarest. Literature search showed there has been only 7 cases of urachal IMT, of which 3 were adult cases, and the remaining 4 cases were children.^\[[@R7]--[@R13]\]^ The previously reported cases were all nonelderly patients, so this is the first case of urachal IMT reported in an elderly patient.

The cause of the disease is still unclear, and may be associated with the following related factors, including: surgery, trauma, inflammation, abnormal repair, overexpression of interleukin-6 or CyclinD1, human herpes virus, papilloma virus, EB virus, or special bacterial Infections.^\[[@R14],[@R15]\]^ The pathogenesis of IMT is also being studied and discussed and most people believe that it is due to a genetic mutation. Some scholars have reported that the lesion is associated with chromosomal aberrations and identified the breakage of the p22--24 band of chromosome 2 in the ALK gene region, specifically involving clonal chromosome aberrations of 2p23.^\[[@R16]\]^ There is also evidence of abnormalities in ALK and p80 and chromosomal rearrangements of 2p23 found in IMT.^\[[@R17]\]^ A recent study has shown that about 50% of IMT have a clonal rearrangement of the ALK gene.^\[[@R18]\]^ The immunohistochemistry of ALK leading to activation of ALK protein expression is also helpful for the identification of similar tumors.^\[[@R19]\]^ Chromosome analysis and the ploidy number of DNA can contribute to benign and malignant diagnosis.^\[[@R20]\]^ TSuzuki et al^\[[@R21]\]^ also confirmed that ALK-1 immunostaining is useful in differential identification of IMT and malignant spindle cell tumors. In addition, ALK reactivity may be a useful prognostic indicator of IMT, distal metastasis occurs mainly in ALK-negative IMT, but local recurrence or not is not associated with ALK expression.^\[[@R22]\]^ ALK positive can be used as a specific marker to identify with other tumors, but ALK negative is not an indicator to exclude IMT. Histopathologically, the pathological morphology of inflammatory myofibroblastic tumors can be divided into 3 histological subtypes: mucinous, spindle-shaped, and fibro-carcinogenic. Pathological type can be mainly one of them, it can also be 2 or 3 kinds coexist. IMT is generally expressed as a mixture of spindle cells, composed of myofibroblasts, fibroblasts, and tissue cells, and is often mistakenly considered as smooth muscle or rhabdomyosarcoma.

Table [1](#T1){ref-type="table"} summarizes the details of the demographic characteristics of 8 urachal IMT patients, including age, gender, clinical manifestations (symptoms, location, and size of tumors), and diagnostic features (tumor manifestations in CT, pathological immunohistochemistry), treatment status (surgical resection, adjuvant therapy), and prognosis (follow-up time, recurrence). These 8 urachal IMT cases includes present reported case the other 7 cases retrieved in literature.

###### 

Summary of 8 cases of the urachal inflammatory myofibroblastic tumors.

![](medi-97-e13619-g004)

As shown in Table [1](#T1){ref-type="table"}, immunohistochemistry tests show that among the 4 urachal IMT patients, 2 males are ALK positive (ages 10 and 50) while 2 females are ALK negative (ages 54 and 77). It can be concluded that ALK-positive urachal IMT patients are male children and adults, and ALK-negative cases occur in adult females. In addition, it was observed that urachal IMT mainly occurs in men and nonelderly people (6/8), and less frequently in women and the elderly (1/8). However, because there is no statistical analysis of a large number of cases to provide direct evidence, the accuracy and reliability of these conclusions need to be confirmed by more in-depth studies with more cases in the future.

Clinical manifestations of urachal IMT can be different due to the location, size, whether it violates the bladder and other factors. From Table [1](#T1){ref-type="table"} it shows that the tumors were small for the cases 2 and 7, but due to tumor invasion and oppression of the bladder, hematuria and bladder irritation occurred in both patients. While for the case 4, the patient had a large tumor and a wide range of invasiveness, which resulted in associated abdominal pain, hematuria, difficulty urinating, and abdominal masses. The present case (the case 8 in Table [1](#T1){ref-type="table"}) had a large tumor size and tight adhesion to the bladder. The cystoscopy and tissue biopsy analysis revealed that the tumor did not invade the mucosal layer. Therefore, the patient only had a painless mass but no gross hematuria and bladder irritation were observed. In addition, the most common clinical manifestation of urachal IMT are found in these 8 cases as lower abdominal masses. Therefore, if a patient has a lower abdominal mass which is excluded from the bladder, female uterus attachment, and lower gastrointestinal tract, doctors are recommended to consider whether or not the patient has umbilical IMT. Some scholars believe that common clinical manifestations of urachal malignancies include hematuria, pain, urinary tract irritation, abdominal masses, and bacteriuria, umbilical drainage, and other symptoms.^\[[@R23]\]^ However, the latter 2 have not been detected in the existing urachal IMT cases. Bacterial urine may be caused by a violation of the bladder infection caused by the distal urachal tumor. The umbilical drainage may be related to the proximal urachal tumor invading the abdominal wall and necrosis bursts out of the urinary sinus that has never closed.

According to the diagnostic information of the patients in Table [1](#T1){ref-type="table"}, the CT findings revealed that the IMT masses were located near the bladder in the lower abdomen and all showed irregular enhancement, while the borders were unclear and the center of the tumor could be cystic low density or high density of dense fibrosis. The findings of the urachal IMT are very similar to the CT findings of urachal malignancies, and this means that urachal IMT does not have specific imaging characteristics it is difficult to distinguish with the naked eye during surgery. However, the use of B-ultrasonography, CT, MRI, and other imaging instruments can still provide valuable information for the diagnosis of this disease, such as the anatomical site of the tumor, the adjacent relationship, the range of involvement, and the internal structure. In addition, the preoperative pathological biopsy of urachal IMT has certain limitations due to its small size, small number, and limited depth, and the urinary catheter IMT is difficult to distinguish with the naked eye during surgery, so the urachal IMT definitive diagnosis still needs to be determined by postoperative histopathology and immunohistochemical examination.

Because the surgical approaches for urachal IMT and bladder cancer are radically different, it is especially important to identify the tissue origin of these tumors. Urachal tumors can be easily identified when they occur above the bladder without extending to the bladder wall. However, when the tumor occurs in the bladder mucosa and muscle layers, it is difficult to determine whether the tumor originates from the urachus or the bladder. The 6 diagnostic criteria of Wheeler and Mustofi ^\[[@R24]\]^ are useful criteria for distinguishing malignant tumors of bladder tumor and urachal origin, and can also be used for the diagnosis of urachal IMT. The case can be considered urachal primary tumors if it meets these 6 diagnostic criteria: the tumor is located in the dome or anterior wall of the bladder, the tumor is located in the bladder muscle but not in the mucosa, the tumor invades the bladder wall and continuously spreads to the lower abdominal wall, visible urachal tube residuals, clear boundaries between the tumor and the overlying bladder mucosa, and the absence of glandular or polypoid proliferations of the bladder mucosa. In addition, histologically, inflammatory myofibroblastic tumors should be differentiated from the following tumors including lesions such as desmoid, leiomyoma, neurofibromas, leiomyosarcoma, adult sarcomatoid carcinoma, embryonic nevus-like tumor, rhabdomyosarcoma of children, Nodular fasciitis, spindle cell nodules, etc.^\[[@R13]\]^ Clinically, urachal IMT should be differentiated from urachal carcinoma, urachal cyst, other urachal inflammatory lesions, and bladder cancer.

For treatment, complete surgical removal of the tumor is the preferred treatment option for the urachal IMT. Due to the relatively mature minimally invasive technique in our hospital, a complete laparoscopic resection of the urachal neoplasm and removal of some of its invaded lymph nodes with enlarged pelvic and pelvic cavities were the decision for this case. This procedure has minimal trauma to the patient with a good prognosis, and the patient was discharged one week after surgery. Since IMT is considered to be a benign or low-grade tumor, the prognosis is generally good. Most scholars believe that there is no need for further treatment after appropriate surgical resection, such as adjuvant radiotherapy and chemotherapy.^\[[@R25]\]^ Although the effects of radiotherapy and chemotherapy are not clear, some scholars suggested that adjuvant chemotherapy can be given to invasive IMT.^\[[@R26]\]^ There have also been some studies with the attempt of some other conservative treatments. Such as antibiotic treatment after the disappearance of lesions.^\[[@R27]\]^ There was also a report of the successful treatment of IMT cases using prednisone and COX-2 inhibition anti-inflammatory.^\[[@R28]\]^ Afterward, there are still some reports in the literature on the use of corticosteroids for the treatment of IMT with good results.^\[[@R29]\]^ At present, the latest research progress has revealed that the ALK pathway plays a very important role in IMT. ALK-targeted inhibitors can be used for the treatment of ALK-dependent or positive IMT cases that have been transferred or unresectable.^\[[@R30]\]^ All the 8 patients (Table [1](#T1){ref-type="table"}) underwent surgical treatment of complete resection of the tumors without any adjuvant therapy. Three patients had no evidence of tumor recurrence after long-term follow-up and the remaining 5 cases showed no follow-up information. Therefore, there is no follow-up treatment experience in cases of recurrence or metastasis of urachal IMT. If later urachal IMT or other IMT cases have recurrence or metastasis, adjuvant chemoradiotherapy and/or ALK targeting inhibitors may also be considered for treatment. Therefore, continuous in-depth study and analysis for the treatment methods of urachal IMT is needed in the future.

4. Conclusion
=============

Urachal IMT is extremely rare and difficult to diagnose. Currently, it is mainly based on the patient\'s clinical manifestations and information provided by the auxiliary examination to initially determine the source of the tumor, the degree of malignancy, the extent of the violation, and then use this information to provide guidance for surgical treatment. ALK positive has certain specificity that can be used to differentiate the IMT from other tumors and provide some help for diagnosis. The effectiveness of conservative treatments such as antibiotics, nonsteroidal anti-inflammatory drugs, and corticosteroids also requires to be confirmed by more direct and definitive proof from further research in future. Invasive tumors may be considered to give adjuvant chemotherapy, but the effect is not clear. Among ALK-dependent IMT patients whose IMT are metastatic or surgically unresectable can be treated with ALK-targeted inhibitors. This report has made the following conclusions basing on analyzing the existing urachal IMT cases in literature: urachal IMT mainly occurs in nonelderly males; ALK-positive urachal IMT occurs in male children and adults, while ALK-negative IMT occurs in adult females; the most common clinical manifestations of urachal IMT is the formation of lower abdominal mass, Therefore, if the patient has a lower abdominal mass which is excluded from the bladder, uterine attachments, and the lower digestive tract, it is recommended to consider for umbilical IMT; it is very important to distinguish whether tumors originate from the bladder or the urachus by imaging examination, because the surgical treatment plans of the 2 are very different; preoperative pathological biopsy results have some limitations, and accurate diagnosis requires postoperative histopathology and immunohistochemistry tests; the current surgical resection of the tumor is the best treatment option for urachal IMT. No other adjuvant therapy is required after the operation. All the follow-up urachal IMT shows no case of recurrence and metastasis, suggesting a good prognosis. Since the IMT has malignant potential, long-term close follow-up is still recommended.
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